ABSTRACT A hydrological simulation model, DRAINMOD, was used to predict the performance of surface drainage and yield of canola as post-rice cultivation during wet growing season of [2004][2005] in Rasht-Iran. The DRAINMOD model was evaluated on performance of surface drainage with 2 m spacings and 15 cm drain depth as compared with 4×10 m 2 plots having no drainage. The results showed that DRAINMOD model was well able to predict water table fluctuations. Evaluation of predicted daily water table depths as compared with measured values shows that the root mean square error (RMSE) was about 8 cm for both treatments. Predicted water table depth was, on average about 4% less than the measured water table depths for the surface drainage treatment and 17% less for the no drainage treatment. Accurate measurement of deep seepage is required to improve performance of the model. Results also showed DRAINMOD was capable of predicting relative yield of canola for both treatments. Poor aeration as a result of excess soil moisture could be related as the main reason for yield reduction.
INTRODUCTION
Many simulation models such as DRAINMOD (Skaggs, 1978 and Skaggs, 1991) , SaltMod (Oosterbaan, 1998) , and LEACHM (Wagenet and Hutson, 1989) have been developed to effectively assess the performances of alternative drainage system designs. Design and performance of drainage systems can be evaluated using soil water regime simulation models. One of the widely used models for this purpose is DRAINMOD which was developed by Skaggs (1978 Skaggs ( , 1991 . Salahshour (2005) examined the yield of canola as post-rice cultivation for different surface drainage intensities and nitrogen fertilizer. Results indicated that surface drainage treatments with 4 meter spacings and cross drainage with 1 meter spacings, followed by surface drainage treatments with 2 meter spacings and 15 cm depth would have the highest yield, whereas the treatment without drainage had the least yield. In this study the Drainmod version 5.1 was used to simulate fluctuation of water table depth and canola yield as the second cultivation during wet season of 2004 -2005 Guilan province is located at southern shore of Caspian Sea, in Iran. Rice is the major cultivation in this province. Total area of paddy fields in this province is about 230000 hectares. Drainage has been recognized as the preliminary prerequisite for adoption of second cultivation after rice in paddy fields (Yazdani, et al., 2007) .
Puddling layers at the depth of 30 cm from soil surface limits infiltration of water to the lower layers. Because of submerged cultivation of rice, creation of this layer is beneficial in paddy fields (Yazdani and Parsinejad, 2008) . However, such conditions could impose limitations for post-rice cultivations.
For adoption of surface drainage in paddy fields, the following points must be taken into consideration:
High accurate basin leveling requirement for submerged rice cultivation would limit drainage through shallow ditches only.
Drainage ditches must be shallow, in order not to interfere with the created hard pan near the soil surface. Otherwise increased deep percolations would likely diminish possibility of water logging conditions required for production of rice as the main cultivation (Yazdani and Parsinejad, 2008) .
"Nippon koei", the Japanese consulting engineers (1972) suggested canola as second cultivation in Guilan based on the existing limitations of waterlogged fields. Salahshour (2005) examined the yield of canola as second cultivation after rice for various drain spacings. Her results indicated that surface drainage treatments with 4 meter spacings and cross ditches of 1 meter spacings could result in highest yields, followed by surface drainage treatments with 2 meter spacings and with 15 cm depth.
Drainmod simulation model was selected for simulation of water table fluctuations and crop yield during a post-rice wet season. This model is cable of predicting relative yield of crops for different stresses, such as waterlogging, water stress and planting date delay. (Skaggs, 1999) . Darzi et al. (2007) used DRANMOD to simulate canola yield as second cultivation after rice in wet season, number of working days, water table depth and SEW35, in 52 hectares of paddy fields in Mazandaran, Iran, under different controlled drainage and subsurface irrigation treatments, with use of climatic data over a 30 years period. Their results showed inundated conditions would lead to yield reduction and the highest canola yield could be achieved when water table is controlled at depth equal to drain depth i.e. conventional drainage.
MATERIALS AND METHODS

Model description
The water management simulation model, DRAINMOD (Skaggs 1978 (Skaggs , 1991 was developed for analysis of soil water movement at field scales. The DRAINMOD model was originally developed for humid condition therefore its results could be more reliable for such conditions. This model is based on water balance in vertical column of soil from the soil surface to an impermeable layer, between parallel drains, for predicting water table depth.
The model requires climatic data, parameters of drainage system, and information on plants and soils. The Climatic data that are used in DRAINMOD include hourly rainfall, and daily potential evapotranspiration (PET). Maximum and minimum of daily temperature can be used to estimate PET in DRAINMOD if better methods are not available. In this study the Drainage treatments adopted in this study included;
Ι. No drainage treatments with occasional surface drainage through bunds.
ΙΙ. Drainage treatments with 2 m spacings and 15 cm depth.
The size of basins was 4 m× 10 m. Drainage ditches were chosen at 15 cm depth for labor feasibility.
Daily climate data were obtained from Rasht-agriculture meteorology station approximately at 1 km distance from experimental site. Retention curve of the soil was obtained from collected physical properties of the soil (Table 1 ) using of RETC model (van Genuchten, 1980) . Characteristics of the retention curve of soil are presented in Table 2 .
For simulation of infiltration the DRAINMOD uses Green and Ampt equation. Basic infiltration rate in paddy fields with having close to 44% clay in the top 35 cm of the soil profile was found to be about 0.32 cm per day in this region (Razavipour, et al. 2005 ). This rate can be considered as being limited by the saturated water conductivity of hard pan, created near the soil surface.
Model validation
Various statistical measures are used for evaluation of the performance of a model and in quantifying the differences between predicted and observed results. In this study, the following two statistical measures were used to ensure the quality and reliability of DRAINMOD predictions (Nash and Sutchliffe, 1970) . Where n is the total number of the observations, O i and P i are the observed and predicted values of the i th observation. Fig.1 . Frequent rainfalls created a highly dynamic condition for top and bottom boundary conditions. The water table depth was generally found to be below the drainage base. This could be due to the vertical seepage of water through the hardpan. Rate of deep percolation in this region was found to be between 1.2 and 6.2 mm.day-1 (Pasinejad et al. 2009 ). Therefore, actual measurement of deep percolation would be more reliable for such studies. Because of the heavy texture of paddy fields in this region and presence of surface drainage, most of the excess water drained through surface. In addition, due to percolation of water through hard pan the water table can be lowered beyond the drainage base and its position is not necessarily controlled by surface drainage. The phereatic water table is located in 8-10 meters depth (Mohammadi, 1969) . What was simulated in this study was the fluctuations of perched water table, which is often created on top of the puddling layer.
RESULT AND DISCUSSION Predicted water table depths, throughout the wet growing season of 2004-2005 are presented in
A good agreement was found between simulated and observed water table depths, till the 110th day of growing season when a heavy snow fall occurred (Fig. 1) .
One of the limitations of DRAINMOD is its incapability in simulation of snowy conditions, i.e. the process of snow water melting and creation of frozen soil profile.
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Statistical Evaluation of Model
The results of Statistical evaluation between observed and simulated results are presented in Table 3 . Due to model limitations in predicting water table during snowing periods, model evaluation was conducted in two modes:
A: Statistical analysis before snowfall B: Statistical analysis through out the growing season RMSE that shows absolute error in predicting water table, before snowfall, was found to be 8.74 and 8.66 cm for treatments without drainage and with surface drainage, respectively. This parameter does not show relative error and it is proportional to mean value. Therefore CRM index that shows relative error was also calculated. The negative and positive quantities of CRM shows underestimation and overestimation of model predictions Yazdani (2000) evaluated the effect of different intensities spacings of surface drainage (2, 4, 6, 8, 10 m) with and without cross ditches in relative production yield of canola in Guilan. Highest yield was found to be related to the drainage treatment with 4 m spacings with cross ditches. Simulation of treatments having cross ditches is not possible using Drainmod. The measured relative biological yield was 70% and 47% for drainage treatments with 2 m spacings and the treatments without drainage, respectively. The model, however, predicted the relative yield of 75% and 62% for the above treatments. The effects of snowfalls during the season could be the reason for the differences in predicted and observed results. The results presented in Fig. 2 show that in the No drainage treatment, water table in some cases was found to be higher than the ground surface, which can result in greater predicted yield as compared with real condition. A high reduction in Canola yield can be expected for prolonged waterlogged duration (Farzamsefat, 2003; Cannel and Belford, 1980; Boem et al, 1996; salahshour, 2005) . After snowfall the plants were in waterlogged condition for an extended period of time, which resulted in a severe yield reduction. The difference of 13% in predicted yields can be an indication of the efficiency of model in conditions with no snowfall.
CONCLUSIONS During a post-rice cultivation and wet season in paddy fields a perched water table is usually created on puddling soil layer. The results of this study show that performance of Drainmod model in estimating water table fluctuations and canola yield estimation for such "extremely wet" conditions was found to be acceptable.
